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It is well-known that NO binds to the heme groups of Hb,
Mb, and guanylyl cyclase to form (porphyrin)Fe(NO) speéiés.
Appel and co-workers have also shown that nitrosamings (R
NNO) bind to ferric liver microsomal cytochrome P450 to give
spectra indicative of (i) binding of the nitrosamine to the
substrate pocket (type I) and/or (ii) binding of the nitrosamine
directly to the sixth coordination site of the heme moiety (type
II).4 Furthermore, they showed that reduction of these ferric
nitrosamine complexes generates iron nitrosyl porphyrin deriva-
tives? Six-coordinate (porphyrin)Fe(NO)(SR) thiolate com-
plexes may also form when NO binds to cytochrome P450
NO synthasé. We recently reported the synthesis of a bis-
(nitrosamine) complex of an iron porphyrin in which the

Ru(NO)(ENNO)]T (3) cationic complex in 82% yield® The
vno Of the complex at 1847 cm (KBr) is slightly lower than
that for the aqua complex and is consistent with a linear Ru
NO linkage. IR bands o8 at 1250 and 1201 cm shift to
1233 and 1194 cri, respectively, upon substitution with
Et:N15NO. Upon substitution with ENN8O, only the band
at 1250 cm? shifts (to 1240 cm'). We thus assign the 1250
and 1201 cm! bands asn—o andvn—n, respectively, of the
coordinated nitrosamin&: 16 Although we could not obtain
suitable crystals o8 for X-ray diffraction studies, we were able
to prepare and isolate the isoelectronic carbonyl analog (OEP)-
Ru(CO)(EENNO) (4) in 71% vyield by reaction ofl with
diethylnitrosaminé? The IR spectrum o# reveals thevco at

nitrosamine ligands are bound to the paramagnetic Fe(lll) center 1909 cnr, and bands at 1300 and 1256 chthat are similarly

via their oxygen atoms. We were interested in the extension
of this chemistry to encompass the preparation of nitrosyl and
nitrosamine derivatives of ruthenium porphyrins. We now show
that the readily preparable and air-stable [(OEP)Ru(N@(f
cation is a suitable and convenient precursor to novel diamag-
netic nitrosyl porphyrins containing nitrosamine, thiolate, and
amine ligand$:-10

Reaction of (OEP)Ru(CO)1j with NOTBF,~ in CH,Cl,
generates [(OEP)Ru(NO)]which is recrystallized in air to give
the aqua complex [(OEP)Ru(NOY&)]t (2) in 71% vyield
(Scheme 1}! Thewyo of the complex is at 1853 cm (KBr),
and the linearity of the RuUNO linkage (171.0(7) has been
determined by single-crystal X-ray crystallograpRyReaction
of 2 with diethylnitrosamine produces the air-stable [(OEP)-
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assigned agn—o and vny-n, repectively, of the coordinated
nitrosamine (the use of E1°NO shifts these bands to 1286
and 1247 cm?, whereas the use of £&N*80 shifts the 1300
cm~! band to 1287 cmt (sh)). The molecular structure df
(Scheme 1) shows that the nitrosamine ligand is bound through
its oxygen atom to the formally Ru(ll) center in ahO fashion,
and the nitrosamine <O and N—-N bond lengths of 1.245(11)
and 1.286(11) A in4 suggest a contribution of the dipolar
~O—N=N*R; structure similar to that suggested previously for
the bound nitrosamines in [(TPP)FefENO),]*ClO,~.7 The
carbonyl ligand ird is readily displaced by 1 equiv of N@BF,~

in CDCl; to give 3 in quantitative yield by!H NMR and IR
spectroscopy. The nitrosamine ligand & may then be
displaced by diethylamine in Gi&l; to form the nitrosyl amine

(11) Data for2: 'H NMR (CDCls) 6 10.52 (s, 4HmeseH), 4.22 (q,JuH
= 7 Hz, 16H, GH,CH; of OEP), 2.01 (tJun = 7 Hz, 24H, CHCH3
of OEP), peak foH,O not observed; low-resolution mass spectrum
(FAB) m/z682 [(OEP)Ru(NO)(HO)]* (9%), 664 [(OEP)Ru(NOY)]
(100%).

(12) The related [(TPP)Fe(NO)g®)]*ClO4~ and [(OEP)Fe(NO)ICIO4~
complexes have linear FN—O linkages: Scheidt, W. R.; Lee, Y.
J.; Hatano, KJ. Am. Chem. S0d.984 106, 3191.

(13) Data for3: H NMR (CDCls) 6 10.46 (s, 4HmeseH), 4.20 (9,JnH
=7 Hz, 16H, GH,CHs of OEP), 1.97 (tJun = 7 Hz, 24H, CHCH3
of OEP), 1.94 (QJun = 7 Hz, 2H, H,CHs (overlap with OEP)),
0.58 (q,Jun = 7 Hz, 2H, H,CHg), —0.50 (t, Junw = 7 Hz, 3H,
CHCH3), —1.98 (t,dun = 7 Hz, 3H, CHCH3); low-resolution mass
spectrum (FAB)m/z 766 [(OEP)Ru(NO)(ENNO)]* (2%), 664
[(OEP)RuU(NO)} (100%).

(14) Free nitrosamines displayio andvyy in the 1460-1425 and 1156
1030 cn1! regions, respectively: Williams, R. L.; Pace, R. J.;
Jeacocke, G. Bpectrochim. Actd964 20, 225.

(15) We have prepared a compound tentatively formulated as [(TPP)-
Fe(NO)(EtNNO)]*CIO,~ from the reaction of [(TPP)Fe-
(EtzNNO),] *CIO4~ with NO gas. The IR spectrum of the complex
shows a unique FeNO stretch at 1919 cmt and nitrosamineno
andvny bands at 1267 and 1252 cip respectively. However, this
compound is prone to NO loss: Chen, L.; Yi, G.-B. Unpublished
observations.

(16) E&NSNO was obtained from Isotec Inc. 48IN80 was prepared in
a manner similar to that used for the preparation of,INN18O:
Keefer, L. K.; Hrabie, J. A.; Hilton, B. D.; Wilbur, DJ. Am. Chem.
Soc.1988 110, 7459.

(17) Data for4: *H NMR (CDCl) 6 9.96 (s, 4HmeseH), 4.20 (q,JuH =
7 Hz, 16H, GH,CHz of OEP), 3.40 (gJun = 7 Hz, 2H, GH,CHjy),
2.64 (q,dun = 7 Hz, 2H, GH2CHj), 1.89 (t,Jun = 7 Hz, 24H, CHCH3
of OEP), 0.91 (tJun = 7 Hz, 3H, CHCHa), 0.24 (t,Jun = 7 Hz, 3H,
CH,CHp3); low-resolution mass spectrum (FAB)/z662 [(OEP)Ru-
(CO)I* (88%), 634 [(OEP)RU] (100%).
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complex [(OEP)Ru(NO)(ENH)]* (5) in 71% yield!® Complex
5 is also obtained directly from the reaction @ with
diethylamine in 78% vyield.

Although complexes of the form (porphyrin)metal(NO)(SR)
are potential models for the interaction of NO with cytochrome

P450 and NO synthase, no such isolable complexes had beefCO, NO') to be prepared.

reported prior to this study. We obtained thermally stable
nitrosyl thiolate complexes by the reaction2fvith both alkane-

and arenethiolate anions in THF to produce (OEP)Ru(NO)(SR)

(R = CH)CF; (6), CsF4H (7)) in 81% and 73% yields,
respectivelyt®20 These nitrosyl! thiolate complexes are mod-
erately air-stable, showing no signs of decomposition in air in

(18) Data fors: H NMR (CDCl) 6 10.37 (s, 4HmeseH), 4.17 (m, 16H,
CH,CH;z (OEP)), 1.99 (tJun = 7 Hz, 24H, CHCH3 (OEP)), 0.95
(br, 4H, HN(QH,CHa)z), —0.57 (br, 6H, HN(CHCHS3),), signal of
HN(CH2CHj3), not observed; low-resolution mass spectrum (FAR)
736 [(OEP)RU(NO)(HN(CHCHgz)2)]* (trace), 664 [(OEP)Ru(NO}]
(100%).

(19) Data for6: IH NMR (CDCly) 6 10.29 (s, 4HmeseH), 4.15 (4,4
=7 Hz, 16H, G4,CHj3 of OEP), 1.97 (tJun = 7 Hz, 24H, CHCH;
of OEP),—2.87 (9,Jur = 11 Hz, 2H (S®,CF)); low-resolution mass
spectrum (FABYm/z 779 [(OEP)Ru(NO)(SCECRs)]* (2%), 664
[(OEP)RuU(NO)T (100%).

(20) Data for7: *H NMR (CDCls) 6 10.25 (s, 4HmeseH), 6.00 (m, 1H,
p-H, SGHF4), 4.13 (q,Jun = 7 Hz, 16H, G4,CHs of OEP), 2.00 (t,
Jun = 7 Hz, 24H, CHCH3; of OEP); low-resolution mass spectrum
(FAB) m/z845 [(OEP)Ru(NO)(SEHF4)] * (3%), 664 [(OEP)Ru(NO}]
(100%).

Communications

(]

‘SR

(R = SCH,CF; 6
SCsFH 7)

the solid state even after 1 week. The IR spectra indicate that
the vno's of 6 and7 are at 1782 and 1798 crh respectively.

In concluding, we note th& and4 are the first mononitro-
samine metalloporphyrin complexes to be reported and are also
the first metat-nitrosamine complexes containingacid ligands
Reactions designed for the
activation of the bound nitrosamines and extensions of this work
to the related iron analogs are in progress.
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